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PROCESS FOR PREPARING PERFLUORINATED ORGANIC 
5 COMPOUNDS BY ELECTROCHEMICAL FLUORINATION 

BACKGROUND 

The invention relates to a process for preparing perfluorinated organic 
compounds by electrochemical fluorination. 

1 0 Electrochemical fluorination is an electrochemical process known 

per se for introducing fluorine into organic compounds by reaction of the 
organic compounds with hydrogen fluoride. In principle, all hydrogen 
atoms of the organic compounds can be replaced by fluorine atoms during 
the course of the reaction, giving perfluorinated compounds. Partially 

1 5 fluorinated compounds or their downstream products and also short-chain 
cracking products and polymeric compounds can be formed as by-prod- 
ucts. Compared with fluorination using elemental fluorine, electrochemical 
fluorination offers the advantage that functional groups of the starting 
compounds are retained unchanged. Depending on the length of the 

20 carbon chain of the starting materials, the yields of perfluorinated product 
are from 5 to 90% by weight, with the yields decreasing with longer carbon 
chains. 

A review of electrochemical fluorination is given in E.Hollitzer 
P.Sartori, Chem.-Ing.-Tech. 58 (1986), No.1, pp. 31-38 and Houben Weyl, 

25 Vol. 10a, Organo Fluorine Compounds (1999), Chapter 7, Electrochemical 
Introduction of Fluorine, pp. 305-318. 

Since the space-time yields in electrochemical fluorination are low, 
it is known from the prior art that it can be advantageous to carry out 
electrochemical fluorination continuously. 

30 When this process is carried out according to the above-mentioned 

prior art, the following disadvantages are noticeable. For instance, 
in the industrial, continuous preparation of, perfluorobutylsulfonyl fluoride 
by electrochemical fluorination of sulfolane, sulfolene, butylsulfonyl fluoride 
or butylsulfonyl chloride or mixtures thereof, the yield decreases over time. . . 
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and after the electrolysis has been running for about six months, the 
electrolysis cell has to be switched off. Undesirable by-products such as 
perfluorosulfolane or polymeric compounds are formed over time. If 
relatively high concentrations of starting material in the hydrogen fluoride 
5 are chosen, this effect is observed earlier. The polymeric compounds are 
usually insoluble in the electrolyte and precipitate. The precipitated solid 
blocks the spaces between the electrodes, as a result of which the usable 
anode surface area is reduced and the electrode area-time yield drops. 
Here, "electrode area-time yield" is the amount of perfluorinated target 

10 product per unit electrode area and per unit of time. To increase the 

electrode area-time yield again, the electrode pack has to be removed and 
cleaned. The removal and cleaning of the electrode pack is very time- 
consuming, and the production downtime is correspondingly high. A large 
part of the electrolyte is unusable and has to be replaced. Its destruction 

15 incurs additional undesirable costs. 

It is therefore an object of the invention to provide a process for 
preparing perfluorinated organic compounds which can be operated 
continuously over a prolonged period of time and in which the electrode 
area-time yield does not decrease with time and the formation of polymeric 

20 by-products is reduced. 

SUMMARY 

The process relates to a process for the continuous preparation of 
perfluorinated organic compounds by electrochemical fluorination of the _ ^ 
parent non-fluorinated or partially fluorinated organic compounds using 

25 hydrogen fluoride, as an electrolyte, wherein the quantity of charge which 
the electrolyte can still take up is kept in the range from about 5 Ah per kg 
of electrolyte to about 600 Ah per kg of electrolyte during the 
electrochemical fluorination. These and other features, aspects, and 
advantages of the present invention will become better understood with 

30 reference to the following description and appended claims. 
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DESCRIPTION 
The present invention provides an improved process for the 
continuous preparation of perfluorinated organic compounds by 
electrochemical fluorination of the parent non-fluorinated or partially 
5 fluorinated organic compounds (hereinafter referred to as starting 

materials) using hydrogen fluoride, as an electrolyte, wherein the quantity 
of charge which the electrolyte can still take up is kept in the range from 
about 5 Ah per kg of electrolyte to about 600 Ah per kg of electrolyte, 
preferably from about 50 to about 200 Ah per kg of electrolyte, during the 
10 electrochemical fluorination. 

Commercial hydrogen fluoride can be used in the process of the 
invention. Preference is given to using hydrogen fluoride having a water 
content of less than about 300 ppm, a sulfuric acid content of less than 
about 300 ppm, a sulfur dioxide content of less than about 30 ppm and an 
1 5 arsenic content of less than about 30 ppm. It has been found to be particu- 
larly advantageous to use hydrogen fluoride having an arsenic content of 
less than about <10 ppm. 

This low-arsenic hydrogen fluoride can be prepared by using 
particularly low-arsenic fluorspar in the preparation of hydrogen fluoride or 
20 by fractional distillation of commercial hydrogen fluoride to give a fraction 
rich in arsenic and a fraction low in arsenic. 

This hydrogen fluoride is preferably prepared by oxidizing the 
arsenic compounds present in commercial hydrogen fluoride and isolating^ 
a particularly low-arsenic hydrogen fluoride at the top in a distillation. As - 
25 oxidizing agents, it is possible to use fluorine or hydrogen peroxide as 
described in U.S. Pat. No. 4,668,497 (cf. WO 88/06139). 

In the process of the present invention, the formation of undesirable 
by-products and polymeric compounds is significantly reduced and, as a 
result, the perfluorinated organic compounds can be prepared in a 
30 constant, high electrode area-time yield. 

For the purposes of the present invention, perfluorinated organic 
compounds are preferably perfluoroalkylsulfonyl fluorides of the general - * 



Le A 34 259-US - 4 - 

formula C n F 2n+1 S0 2 F (n>3), e.g., perfluorobutylsulfonyl fluoride, perfluoro- 
alkanes of the general formula C n F 2n+2 (where n is 1 to 10) or 
perfluoroalkylamines of the general formula (C n F 2n+1 ) 3 N ( where n is 1 to 
10). 

5 The process of the invention is preferably employed for preparing 

perfluorobutylsulfonyl fluoride using sulfolane, sulfolene, butylsulfonyl 
fluoride, butylsulfonyl chloride or mixtures thereof as starting material. 

The electrolysis is carried out in hydrogen fluoride to which 
electrolyte salts such as sodium fluoride or sodium tetrafluoroborate (cf. 

10 U.S. Pat. No. 5,326,437) can be added. The electrode materials used for 
the anodes are usually nickel, and for the cathodes is nickel or iron. 

The process of the invention can be carried out in cells having a 
capacity of up to about 4 m 3 . The electrolyte can be circulated by pumping 
and cooled in order to minimize the hydrogen fluoride loss caused by 

1 5 evaporation. When the process of the invention is carried out industrially, 
the material to be fluorinated (starting material) is added continuously to 
the cell. The hydrogen fluoride that has been consumed can be added 
continuously or discontinuously during the course of the fluorination. The 
perfluorinated product can, if it has a boiling point of greater than about 

20 20°C and is insoluble in the electrolyte, be removed discontinuously or 

continuously from the cell. Extraction of the perfluorinated product from the 
electrolyte is appropriate when the perfluorinated product has a boiling 
point lower than about 20°C or is readily soluble in the electrolyte. The ~ T 
amount of starting material added is calculated according to the equivalent 

25 of charge according to the stoichiometry of the reaction. When carrying out 
the process of the invention, the quantity of charge which the electrolyte 
can still take up can deviate from the desired value of from about 5 to 
about 600 Ah per kg of electrolyte in the initial phase at the beginning of 
the electrolysis. The electrolysis can be commenced at any starting 

30 concentrations of hydrogen fluoride and starting material. The electrolysis 
is preferably commenced using an electrolyte comprising 98% by weight of 
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hydrogen fluoride and 2% by weight of starting material, in particular 95% 
by weight of hydrogen fluoride and 5% by weight of starting material. 
However, it is also possible to use an electrolyte containing, for example, 
50% by weight of starting material and 50% by weight of hydrogen 
5 fluoride, but the amount of starting material is preferably kept as low as 
possible. 

To carry out the process of the invention, it is necessary for the 
electrolyte to reach a state in which the quantity of charge which the 
electrolyte can still take up corresponds to the desired value of from about 

10 5 to about 600 Ah per kg of electrolyte as quickly as possible after 
commencement of the electrolysis. If, for example, the electrolysis is 
commenced using an electrolyte comprising 50 parts by weight of 
hydrogen fluoride and 50 parts by weight of starting material, the quantity 
of charge which can still be introduced into the electrolyte should be 

1 5 brought to the desired value within the first weeks of the electrolysis. This 
can be achieved, for example, by appropriate reduced addition of the 
starting material. 

The starting material can be added either steadily (continuously) or 
discontinuously, e.g., for periods at a time, so that the quantity of charge 

20 which the electrolyte can still take up can be maintained in the range from 
about 5 to about 600 Ah per kg of electrolyte, preferably from about 50 to 
about 200 Ah per kg of electrolyte. During these periods of addition, the 
starting material can be metered in continuously or in portions and _ - 
stoichiometrically according to the reaction equation. The lengths of the 

25 periods of addition can be varied by altering the amount added during the 
period. 

To monitor the quantity of charge which the electrolyte can still take 
up, the following procedure can be employed: At appropriate intervals 
(e.g., monthly), a sample of electrolyte is taken from the cell. The sample 
30 is electrolyzed in a laboratory cell under the conditions of the 

electrochemical fluorination without starting material being added. To 
avoid explosions in the gas space, the gas space of the cell is flushed with- 
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sufficient nitrogen for a hydrogen concentration of less than about 2% by 
volume to be achieved. The off-gas from the cell is analyzed for oxidizing 
constituents at regular intervals. This can be carried out, for example, by 
passing the off-gas through a starch solution containing potassium iodide. 
When the first oxidizing compounds are detected in the off-gas, the 
electrolysis is stopped and the quantity of charge is determined. The 
quantity of charge per kg of electrolyte which the electrolyte can still take 
up without the hydrogen fluoride being converted electrochemically into 
hydrogen and fluorine is calculated on the basis of the weight of electrolyte 
and the quantity of charge is determined. If this result indicates that the 
quantity of charge which the electrolyte can still take up lies outside the 
range specified according to the invention, the addition of starting material 
has to be increased or reduced until the values to be maintained according 
to the invention are achieved. The process of the invention ensures that a 
sufficiently high hydrogen fluoride concentration is always present in the 
electrolyte, the formation of by-products is largely avoided and high 
electrode area-time yields are achieved. 

The electrolysis is generally carried out at current densities of from 
about 5 to about 40 mA/cm 2 , preferably from about 8 to about 20 mA/cm 2 . 
The voltage is generally from about 5 to about 10 volts, preferably from 
about 5 to about 7 volts. The temperature should be from 0 to about 20°C, 
preferably from about 1 0 to about 1 5°C. 

The pressure under which the reaction is carried out is usually at . - 
ambient pressure of about 1 bar. 

In principle, any electrochemical fluorination cell known from the 
prior art is suitable for the process of the invention. Examples of suitable 
electrochemical fluorination cells may be found, for example, in U.S. Pat. 
No. 2,519,983. An industrial electrolysis cell suitable for the process of the 
invention preferably has a volume of from about 2 to about 4 m 3 . 

The invention is further described in the following illustrative 
examples in which all parts and percentages are by weight unless 
otherwise indicated. 
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EXAMPLES 

EXAMPLE 1 (Prior art) 

Hydrogen fluoride was placed in an electrolysis cell having a 
volume of 2 m 3 and an anode area of 80 m 2 , and 2% by weight of sulfolane 
were added. The electrochemical fluorination was commenced at a 
voltage of 7 V and a current density of 7.5 mA/cm 2 . Sulfolane was metered 
in continuously and stoichiometrically. Hydrogen fluoride was added once 
p er week. The perfluorobutylsulfonyl fluoride separated out from the 
electrolyte as a second phase and was taken from the cell weekly. After an 
operating time of about six months, the proportion of undesirable by- 
product (perfluorosulfolane) increased to over 5% by weight in the 
perfluorinated phase, and the yield of perfluorobutylsulfonyl fluoride 
dropped from an initial 45% to less than 30%. The hydrogen fluoride ' 
content of the electrolyte was less than 50% by weight. The cell was 
switched off, half the electrolyte was destroyed and the other half of the 
electrolyte was mixed again with hydrogen fluoride. The intermediate 
spaces of the electrodes and a large part of the electrolysis cell were 
fouled with polymeric product. After the electrode pack was cleaned, it was 
installed again and the electrochemical fluorination was recommenced. 
The new running time of the cell was again only about six months. 
EXAMPLE 2 (Process in accordance to the invention) 

Hydrogen fluoride was placed in an electrolysis cell having a 
volume of 2 m 3 and an anode area of 80 m 2 , and 2% by weight of sulfolane^ 
were added. The electrochemical fluorination was commenced at a 
voltage of 7 V and a current density of 7.5 mA/cm 2 . When sulfolane was 
introduced, it was metered in continuously. Hydrogen fluoride was added 
once per week. The perfluorobutylsulfonyl fluoride separated out from the 
electrolyte as a second phase and was taken from the cell weekly. Every 
second week, a sample of the electrolyte was worked up in the laboratory, 
and the quantity of charge which the electrolyte could still take up was 
determined. The amount of starting material introduced was reduced until 
the electrolyte was able to take up a quantity of charge in the range from 
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1 00 to 1 50 Ah per kg of electrolyte. The cell was able to be operated for 
1 .5 years without the yield of perfluorobutylsulfonyl fluoride decreasing and 
without undesirable by-products or polymeric products being formed. 
Cleaning of the electrode pack and replacement or partial replacement of 
the electrolyte was not necessary. 

Although the present invention has been described in detail with 
reference to certain preferred versions thereof, other variations are 
possible. Therefore, the spirit and scope of the appended claims should 
not be limited to the description of the versions contained therein. 



